Abstract QSAR studies on a series of inhibitors for anti-apoptotic Bcl-2 proteins based on BHI-1 were performed the activities are found to correlate well with some topological parameters and steric parameters. The results are critically discussed on the basis of regression data, Pogliani factor Q and cross validation technique. The results are found to be useful in discussing the mechanism of drug-receptor interaction.
Introduction
In the fight against cancer (Pinedo and Giaccone, 1998) , drug resistance is the major barrier. The resistance against drug can be acquired by the over-expression of anti-apoptotic Bcl-2 proteins protecting cancer cells from apoptosis (Xing et al., 2007) . Bcl-2 is the prototype for a family of mammalian genes and the proteins they produce. They govern mitochondrial outer membrane permeabilization (MOMP) and can be either pro-apoptotic (Bax, BAD, Bak and Bok among others) or antiapoptotic (including Bcl-2 proper, Bcl-XL, and Bcl-w among an assortment of others). Bcl-2 derives its name from B-Cell Lymphoma 2, as it is the second member of a range of proteins initially described as a reciprocal gene translocation in chromosomes 14 and 18 in follicular lymphomas.
The members of the Bcl-2 family share one or more of the four characteristic domains of homology entitled the Bcl-2 homology (BH) domains (named BH1, BH2, BH3 and BH4). The BH domains are known to be crucial for function such as deletion of these domains via molecular cloning affects and survival/apoptosis rates.
The Bcl-2 gene has been implicated in a number of cancers, including melanoma, breast, prostate, and lung carcinomas as well as schizophrenia and autoimmunity. It is also thought to be involved in resistance to conventional cancer treatment. This supports a role for decreased apoptosis in the pathogenesis of cancer. Bcl-w is a member of the Bcl-2 family of proteins. It is being referred to also as Bcl-2-like-2 (abbr. BCL2L2). The Bcl-w protein (193 amino acids) expressed in a wide variety of tissues is functionally similar to Bcl-2 and promotes survival of cells against stimuli initiating cell death by apoptosis.
Methodology
The QSAR analysis was performed on the Bcl-2 protein inhibitor analogues using different structural parameters and some indicator variables. Molar refractivity (MR) (ACD Labs Software, XXX), was calculated by ACD Lab Chem Sketch Software, while topological descriptors fifth order of molecular connectivity ( 5 v) (DRAGON Software, XXX), mean wiener index (WA) (DRAGON Software, XXX) and Balaban distance connectivity index (J) (DRAGON Software, XXX) were calculated by using Dragon Software and information theoretic index (Id) was evaluated by Lucic and Trinajstic (1999a,b) . The indicator parameters I 1 for C(O)OH(CH 2 ) 2 and I 2 for (CH 3 ) 2 CHCH 2 at R 1 position were used. Regression analysis was performed by using SPSS 7.5 version.
Results and discussion
The set of 15 compounds used along with their activities and calculated physiochemical parameters are given in Table 1 . The mutual correlation of parameters and indicators with activity are given in Table 2 . The best triparametric models generated for the series are given below along with the statistical data. 
In the above QSAR model, n is the number of data points, R is the correlation coefficient, R 2 is the coefficient of determination, R 2 A is the adjusted R 2 , SE is the standard error of estimate, F is the variance ratio (Diudea, 2000; Bikash et al., 2003) and Q is the quality of fit (Pogliani, 1994 (Pogliani, , 1996 . For all the statistical terms model (1) show the satisfactory values is statistically significant. Values of R and R 2 are not so good but improve, when we tried some triparametric models as given below. On a close study of (2)- (5) we find an increase in the values of all the statistical terms, model (5) is found to be the best regressed model. The coefficient of 5 v is positive in model no. (5) meaning thereby, that increase in fifth order connectivity is favorable for the activity. The statistical details of the QSAR model given above speak for its good statistical quality. Low value of standard error of estimate (<0.3) indicates the accuracy of the statistical fit. The F-statistic for the best model (5) is 16.370 (compared to the critical value of 3.59 at the 0.05 level of significance).
The positive sign of coefficient of WA, Id and MR in model nos. (2)- (4), respectively, indicate that the steric factor seems to be more dominating towards the activity and the group having more vertices is favorable for the activity. Whereas All above equations suggest that substituents having more branching, bulkier and those having more vertices should be used in further drug development.
Cross validation
The cross validation analysis was performed using leave one out (LOO) method (Cramer et al., 1988; Podlgar and Ferguson, 2000) , in which one compound is removed from the data set and the activity is correlated using the rest of the data set. The cross-validated R 2 in each case was found to be very close to the value of R 2 for the entire data set and hence these models can be termed as statistically significant.
Cross validation provides the values of PRESS, SSY and R 2 cv and PSE from which we can test the predictive power of the proposed model. It is argued that PRESS, is a good estimate of the real predictive error of the model and if it is smaller than SSY the model predicts better than chance and can be considered statistically significant. Furthermore, the ratio PRESS/SSY can be used to calculate approximate confidence intervals of prediction of new compound. To be a reasonable QSAR model PRESS/SSY should be smaller than 0.4. Also, if PRESS value is transformed in a dimension less term by relating it to the initial sum of squares, we obtain R 2 cv i.e. the complement to the traces on of unexplained variance over the total variance. The PRESS and R 2 cv have good properties. However, for practical purposes of end users the use of square root of PRESS/N, which is called predictive square error (PSE), is more directly related to the uncertainty of the predictions. The PSE values also support our results. The calculated cross-validated parameters confirm the validity of the models. All the requirements for an ideal model have been fulfilled by model no. (5), that is why, we have considered as the best model. R 2 A takes into account the adjustment of R
. R 2
A is a measure of the percentage explained variation in the dependent variable that takes into account the relationship between the number of cases and the number of independent variables in the regression model, whereas R 2 will always increase when an independent variable is added. R 2 A will decrease if the added variable does not reduce the unexplained variable enough to offset the loss of decrease of freedom.
Predictive error of coefficient of correlation (PE)
The predictive error of coefficient of correlation (PE) (Chatterjee et al., 2000 ) is yet another parameter used to decide the predictive power of the proposed models. We have calculated PE value of all the proposed models and they are reported in Table 4 . It is argued that of (i) R < PE, then correlation is not significant; (ii) R > PE; several times (at least three times), then correlation is indicated; and if (iii) R > 6PE, then the correlation is definitely good.
For all the models developed the condition R > 6PE is satisfied and hence they can be said to have a good predictive power.
Predicted and residual activity values for model no. (5) are given in Table 3 . Predicted values are the calculated activities obtained from model no. (5) and the residual values are the difference between the observed biological activities and calculated activities
In order to examine the relative potential of the proposed models, we have further estimated their predictive correlation coefficients (R 2 pred) by plotting graph between observed and calculated pIC 50 values using model no. (5). Such correlation is shown in Fig. 1 . The values of R 2 pred. determined by using model no. (5) came out to be 0.817 thus confirming our findings. 
